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The Large Hadron Collider

e Triumphant discovery of a Higgs boson

.____ﬁ_.

Leptons

Vs=7TeV,L=5.11b"
vs=8TeV,L=5.31b"

| —¢— Data
—— S+BFit
Bkg Fit Component
=10
[ B =20
o o b b by

110 120 130 140 150

a1
o
o

o

o
0115 Y2025 ¥a0 135 140 145150
—— Observed  [===9 Expected Signal - 1o

200 300 400 500
my [GeV]

J\/)

| W,Ww.eIsevier.cd;nllocat'elphys|e,t‘{3 Loy




The Large Hadron Collider So Far

proton - (anti)proton cross sections
« Triumphant discovery of a Higgs boson 10—
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It’s a Goldilocks Boson

- Not too heavy, not too light (experimentally, that is)
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It’s a Goldilocks Boson

- Not too heavy, not too light (experimentally, that is)
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What else?

« Physics beyond the Standard Model is not low hanging fruit!
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Runs II&III:Opportunities

- Higher Energy Collisions:
« 8 TeV = 13-14 TeV
« Many More Collisions:
« Run II: 5x Run I dataset by 2017
« Run III: 15x Run I dataset in 2021




Runs II&III:Opportunities
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What Questions are We Irying To Answer?

“ 4F  ATLAS I[Dreliminary
. \S=7TeV |Ldtw 464810
e Is this really the Standard 3E  1s-8Teviai- 203"

Model Higgs Boson?

e Is this the only Higgs Boson? 06707 08 09 1 14 12 13 14 15 16
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« Why is the Higgs mass much " ' ..
lower than the Planck scale> 77777~ -Q ------
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The 3rd generation as a window to new

physics

arXiv:1310.8361

- Fermions have largest rate of Model Ky ko K
Higgs decays, new physics could Singlet Mixing ~ 63 ~ 6"/; “'63
. . 2HDM ~ 1% ~ 10% ~ 1%
mOdlfy these Coupllngs Decoupling MSSM  ~ —0.0013% ~ 1.6% ~ —.4%
- If we assume generic new Composite V3% =B 9% ~ 9%
. . Top Partner ~ —2% ~ —2% ~ +1%
physics which couples to the
Higgs, then get third generation
particles from Higgs decays
- Multiple Higgses|e.g., arXiv:
1106.0034]
- Massive gravitons [arXiv:
1307.0407]
e If we assume SUSY, then third
generation superpartners stabilize g il o 5 : I

e Weak limits so far!
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The 3rd generation as a window to new
physics

- Fermions have largest rate of
Higgs decays, new physics could
modify these couplings
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3rd Generation Higgs Signatures

« 2 b-quarks + neutrinos

Q1

ZH Process

2 taus + 2 quarks with no
strong interaction connection

VBF Process

11



3rd Generation New Physics Signatures

- For example:

9 v
A A Y 9 ~sOUT0000E0000 .
B .o.H b,T b
%e g OTOCOIN000000 V= — — ~ — — NN
q . bt b
9  Heavy Higgs ’

« And many more...

* 4b: massive gravitons decay to Higgs, exotic Higgs decays to light
scalars, etc.

- 2 tau + MET: Heavy Higgs, direct stau production
- 2 tau + 2 b: exotic Higgs decays, heavy Higgs decays

12
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Particles in ATLAS
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Difficulties with b-quarks and taus

- Hard to distinguish from light
quark and gluons in the
detector e ertex

Displaced
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b-quark jet
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e But not hopeless:
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- Use decay characteristics to our e 'ght-quarkje
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e Charged particle §
identification is critical! @




Difficulties with b-quarks and taus

- Hard to distinguish from light
quark and gluons in the
detector

Displaced
cks

Secondary
Vertex

e But not hopeless: b-quark jet

- Use decay characteristics to our
advantage

Primary I
Vertex

e Charged particle
identification is critical!

light-quark jet
o Jet
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Difficulties with b-quarks and taus

- Hard to distinguish from light
quark and gluons in the
detector

e But not hopeless:

suoJpey Jo jal

- Use decay characteristics to our
advantage

e Charged particle
identification is critical!
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Runs II&III: Challenges

78 reconstructed interactions in the
CMS detector!

« Run II (2015 to 2017): mean of 45 simultaneous interactions

- Run III (2018-2021): mean of up to 80 simultaneous interactions
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Triggering: A major challenge

« At 40-80 interactions per crossing, triggering is very hard!
« W—1v has 1kHz rate @ 80 PU : Saturates output rate!!

 Particularly a problem for triggers with missing energy, multi-jets
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Recording The Data: Multi-Step Approach




Step 1: OQuick and Dirty




Step 2: Selective Sight




Step 3: The Full Picture (Almost)




The Atlas FastIracKer Steps Up




Tracking at High Luminosity is Iricky

Inl < 0.2, pr>1 GeV, 60 interactions

ATLAS-CONF-2012-042
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« Huge combinatorial problem, very non-linear with number of interactions

- Atlas FastTracKer (FTK) solves these problems with a hardware based
approach

24
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FTK
Conceptual Design

- Parallelize the problem: Divide the
detector n-¢ towers

« Reduce the data volume: Convert
clusters into coarse resolution hits

- Eliminate costly loops: Compare hits
to pre-stored patterns simultaneously

- Simplify algorithms: Use a linearized
fit for track candidates

« Hardware solution: Implemented in
FPGAs or custom ASICs

436 Neclear Instruments and Methods in Phywcs Rosearch A278 (1989) 436-430
North-Holland, Amsterdam

VLSI STRUCTURES FOR TRACK FINDING

Mauro DELL'ORSO
Dyparnmenio dt Fisioa, Umiversin d df Pua, Peazza Tornoell 2. 56100 Pusa, Taly

Luciano RISTORI
INFN Sexiome di Pisg, Via Veccksa Livernese $82a, 56010 8. Piero a Grado (PIL 1ok

Received 24 October 1988

We discuss 1he architecture of a device based on the concept of auocastioe memory designed 10 solve the track finding problem,
typial of high energy physics expenments, in 2 time span of a fow microsecomds even for very high maltiphcity events. This
“machune” s implemented x¢ 3 large array of custom VLSI chips. All the chaps are equal and cach of them stores a number of
“patterma”, All the patterns in all the chips are compared s parallel 1o the data coming from the detector while the desector is being
read out

L e——




Stage 1: Data Formatting

- Route clusters to FTK eta-phi towers

Forward SCT
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Pixel Detectors
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Stage 1: Data Formatting

- Route clusters to FTK eta-phi towers
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Stage 2: BINGO
Data Reduction and Pattern Recognition

- Hits are ganged together into
coarse resolution hits

27
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Data Reduction and Pattern Recognition

- Hits are ganged together into

[T T [T T "TT7 a4 coarse resolution hits
T T 11 L I ] Layers

T "1 1 [ 1 Layer 2

[ 1 I 1 L 1 ] Layert

 All possible patterns of coarse
resolution hits determined from
simulation
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Stage 2: BINGO
Data Reduction and Pattern Recognition

- Hits are ganged together into
Layer 4 coarse resolution hits
Layer 3

\V V/
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~ AL,
\N V4

Layer 2

Layer 1

 All possible patterns of coarse
resolution hits determined from
simulation
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Stage 2: BINGO
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Stage 2: BINGO
Data Reduction and Pattern Recognition

- Hits are ganged together into

L1 1 T T T "1 T apera coarse resolution hits
LT T T 1 [ 1 Layer 3

I T T 1 [ 1 Layer 2
1 1 1 Layer 1

 All possible patterns of coarse
resolution hits determined from

simulation
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v r' « Custom associative memory
chips are used to compare hits
to O(10°) patterns
simultaneously (bingo cards)
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Stage 2: BINGO
Data Reduction and Pattern Recognition

- Hits are ganged together into

N N N I N N N N coarse resolution hits
[T T T 1T 11 Layer 3

I T T 1 N Layer 2
[ T 1 1T1 1 Layer 1

 All possible patterns of coarse
resolution hits determined from
PATERNS () simulation

ATTERNS ()
PATTERN 2
Fx.m:'-w ATTERN

HIT # 1447

P ' 1

v r' « Custom associative memory
chips are used to compare hits

to O(10°) patterns

simultaneously (bingo cards)
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Track Fitting

e Problem: >90% of matched
patterns (BINGOs) are from
random association of hits

 Solution: check if full resolution
hits in matched patterns are
compatible with a single charged
particle

Layer 4
Layer 3
Layer 2

Layer 1

Layer 4
Layer 3
Layer 2

Layer 1

28



5 Picosecond Irack Fitting

e Linearized fits on FPGAs:

- Determine phasespace of possible tracks (y?) { ittayer 1 coorinate

 Linear approximation calculated and defined
by sector

Linear
approximation

« FPGAs multiply and add coordinates by
constants to get y?°

Phasespace of
possible tracks

.......

- Keep roads with at least 1 good track

hit layer 3 coordinate
—

e Fit 1 track / ns (1 track every 5 ps for full ,
SyStem) ! hit layer 2 coordinate

N
Xi:ZSijxj+hi§i:17--°7Nx

j:l 29




The AUX Card

- Track fitting (and more!) carried
out in Auxiliary Card

« 128 in entire system!

HitS

.....
s Wees

.....

..........
..........

e Converts hits to coarse resolution

hits, sends to pattern matching = ‘. Vo r |
B Track Fitting [l g

- Receives matched patterns and 13 gm 121 )
fetches full resolution hits

(!

|
|

-

w1

bbb 3

{18L Tracks

- Performs 8 layer fit to reject bad Pattem »
atterns o
P @arse Hits
HitS

30

- Sends hits to 12 layer fit




Efficiencies & Fake Rates

« 93-949 efficiency with respect to offline tracks

- 3% fake rate at central eta, up to 10% at high eta
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Fake rate
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https://cds.cern.ch/record/1552953/

Performance:Resolutions

- Similar resolution to offline tracks at low pr, ~2x worse at highest pr

- Improved with some clustering changes (not shown here)
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0.08[ 4 = - . e :
006 - .‘:.- '.‘:A- . 6 F A-:—.- -.-‘.-A _:
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Dlsplaced

Performance: B-tagging Secondary

Vertex

- Use simple 2D Impact parameter significance b-tagger

« For 80% offline point can get 70% or higher relative
FIK efficiency

Primary Ry
I
Vertex

- Many improvements already implemented, not shown Cdet
here
w - T T I T | 1 | 11 14 11 I T T T 1 I 1 T ' L § 11 1 T - m | | T
= _ ATLAS Simulation, no IBL Barrel (ml < 1.1) £
G 107 <p>=69 S
e - — Offline Light-Flavor . ke :
N : — Offline b-Jet - @ ;
T 42l i - FTK Light-Flavor - = :
£ 10 ; ; e FTKb-Jet : [ ;
A | s
3 * ) i : : : s
1078 T ' - kS | —— FTKLFRejectonxt8 .~ . N
- ttt S - —— FTKLF Rejection x5 -
10 = —+- — . FTKLF Rejection x2 .
- 1 L 0.2 __ § § S OOt SEUURRRURURRRURS SRR __
10.5 E . P TR N S S SN T N S SN SN N SN N + PR S N T L1 | | L1 | L1 | L1 | L1 | L1 | L1 _i-
20 -10 0 10 20 30 40 93 04 05 06 07 08 09 1
dO Significance Efficiency Offline Selection
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Performance: Taus

()
S ;o[ ATLAS Simulation, no IBL
o "FHo 1t Vs =14 TeV, u=<69>
¢ <11
g 1 .
= ~ +H++_’—+_’_ -
£ [ 4+ '
S 0sl ¢ # Jet tau
e | o, f e Tau algorithms run calo selection
.§ N _¢__¢_ Y . °
£ 0.6 Mf_*:*_ . L2 algo, TAUB tracks ﬁrst, then tracking b/c of tracking
i ﬁH- time costs
. #_'_ —+— L2 algo, FTK tracks ]
04— T - Integrate tracking from start
= —=— New algo, FTK tracks
i « Then run more sophisticated
0.2 calorimeter algorithms (not shown
i here)
0—1111 oot by b by s b bvn o Ly ° Need to re_optimize Ofﬂine in this

0 20 40 60 80 100 120 140 160 180
True tp_[GeV] case!
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What FTK Buys Us

- More events with lower energy b-jets:
- Unless boosted, Higgs events have moderate pr b-jets: ~50 GeV

- W/o FTK jet algorithms will apply jet energy threshold before b-tagging—loose
efficiency!

- W/FTK can afford to tag all events which get past first level trigger

- Improvements for all b-jet physics cases, particularly for VBF Higgs, multi-b jet

triggers

. . T Sianans 5

- More taus from Higgs: & 018 il

© 0.16F fe=14TeV 3

. . w - -

- More efficient selections (at least : 0.14F — Hadronic tau 3

30% increase over 2012 "k — Lepionictau -

selections in VBF Higgs events T VBF H—=T1T 3

from preliminary studies) 0.06f 3

0.04F =

- Lower thresholds:optimization in 0.02E E
progress, expect reduction of ~15 05 ~=25""26""80""80 100 120 340 160 380 200

GeV. true p_[GeV]

ATLAS-TDR-023
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Other FTK Applications
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Other FTK Applications

SUATLAS

A EXPERIMENT =
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Other FTK Applications

SUATLAS

1A EXPERIMENT =
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Conclusions

« LHC Run I was a fabulous success but left
many questions to be answered

- The Higgs observation opens up new window _
into physics beyond the standard model

- Non standard couplings, Multiple Higgses,
New resonances decaying to Higgs

- Third generation particles will be key to ]
exploring the new landscape & answering VBF Process
those questions

e The rest of the LHC lifetime will be a
challenging environment

- Up to an average of 80 simultaneous
interactions

« FTK will allow ATLAS to cope with the
challenges of RunlI&III and will be critical
for final states with bs and taus
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FTK Status and Plans

Prototypes of all System integration Install Full FTK

Installed Readout boards, TDR Due tests
Test

Winter Summer/fall. Spring
2012 2012 2013

Readout tested with Install central
detector for

prototype pattern Approval of DR commissioning tests
recognition during Prototype testing do full brod gt f
collisions O T Procuction o

AM Boards
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What Have We Learned about this Higgs
Boson?
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What Have We Learned about this Higgs
Boson?

e It’s a scalar particle
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What Have We Learned about this Higgs

Boson?

- It’s a scalar particle

s e i rhill -30-25-20-15-10 -5 0 5 10 15 °C
America’s big chill E—
Temperature on map in Celsius -20 -10 0 10 20 30 40 50 60 °F

I8 3 ~::~- % % = '-2 0 * - I— £ A -12
11/ - % : R 15
":—"'2_. ] i -23 { -14
o i : B New York
11 | Washington DC

1 - {‘ o—Florida
6 120—Texas 14

SOURCE: WEATHER CENTRAL, WEDNESDAY 8TH JANUARY 2014 8:20AM EDT
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What Have We Learned about this Higgs

Boson?

- It’s a scalar particle

: sy ohi -30-25-20-15-10 -5 0 5 10 15 °C
America’s big chill E——
Temperature on map in Celsius -20-10 0 10 20 30 40 50 60 °F

Minnesota
-12
-15
=14
New York
Washington DC

—0

California 2

A ? o—Florida
6 120—Texas T14

SOURCE: WEATHER CENTRAL, WEDNESDAY 8TH JANUARY 2014 8:20AM EDT

ATLAS
H— yy e Data
Vs=8TeV [Ldt=20.7 fb"

v CL expected
H—Z27" -4l assuming J" =0"
Vs=7TeV [Ldt = 4.6 fb Beio

Vs =8 TeV [Ldt=20.7 fo"

H — WW* — evuv/uvev
Vs =8 TeV [Ldt =20.7 fb"
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LHC Plan®*

- Experiments request: 25 ns running with no significant 50ns dataset

- Machine reality: 50ns is easier/safer and will be used for 13 TeV
commissioning before moving to 25 ns.

 Plan:
« Low intensity for first 2 months, low number of bunches
- Intensity ramp up with 50 ns (1-2months)
e 50ns nominal running at <mu> of 40 to characterize machine
e 25ns commissioning
« May have to run at lumi-leveled 50ns operation if 25ns has problems

- Stable operations possibilities:

Scheme Ny, | ppb (101) | B* [cm] | emittance [um| | peak | pile-up | £ [fb™}]
25 ns 2760 1.15 55/43/189 3.79 9.3e33 25 24
25 ns BCMS | 2760 115 | 45/43/189 1.9 1.7e34 | 52 45
50 ns 1380 | 1.65 | 42/43/189 2.3 1.6634 | 87 40"
50 ns BOMS | 1380 1.6 38/43 /189 1.6 23034 | 138 40"

See Talk by O.Bruning for details

, , 41
*Evian Summary tLumi-leveled



https://indico.cern.ch/getFile.py/access?contribId=33&sessionId=12&resId=0&materialId=paper&confId=211614
https://indico.cern.ch/getFile.py/access?contribId=0&sessionId=0&resId=0&materialId=slides&confId=234890

Run II and III conditions

® Peak luminosity =Integrated luminosity
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g 1'.( — — — E
£ =
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° 5
v
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°
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2015+ ATLAS Irigger System: Simplified
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2015+ ATLAS Trigger System: Simplified

40MHz

100kHz

Data Collection
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2015+ ATLAS Trigger System: Simplified

Muon

Calo 1D A0MHz

y y

VI S S

HLT €=» Data Collection 40kHz

=~ =

Qutput 12kHz

1kHz - 500HZz
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2015+ ATLAS Trigger System: Simplified

-
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2015+ ATLAS Trigger System: Simplified

4 )
@ ? ? ? 40MHz
] 100kHz

-

(

Data Collectio A0kHz

QUTP 12kHz

1kHz - 500HZz
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FIK in the ATLAS Trigger System

@y ¢ 0

-
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FIK in the ATLAS Trigger System

-

100kHz
g Latency:

O(100us)

44




Trigger rate evolution

-
o

L lllllll

—
2

Trigger Rate / Luminosity [ub]

102

ATLAS

12 trains, 5
9 trains, 50ns [423 bunches]

—e— L1 _EM16 —e— |1 _EM16VH —e— |1 _EM30
—e— L1_TAU15  —=— L1_XES50 —— L1_XE50 BGRP7
—— L1_J75 —e— L1_FJ75 —e— L1_4J10

¥s = 7TeV {Aug. 08 & Se .-,22;.32}" fs = 8TeV (Apr. 15, 2012)

12 trains, 50ns [1051 bunches]

s = 7TeV (Oct. 25, 2011)
no trains [10 bunches]

|G Illlll

.....

........ ’.4........................................................ .
-

|

Al
| llllllll

Trigger Rates for 1300 filled bunches

Trigger Operations

‘- W-....10k“l
...-. 1kHz
=~ = 100Hz

5 10 15 20 25 30
{u) interactions per bunch crossing
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System Architecture

100 kHz
Event
Rate

Core Crate
45°+10° in @
8 n-¢ towers

2 PU/tower

—HLT

FProcessing

46



System Architecture

- Format for
parallelization
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System Architecture

- Format for
parallelization

e Custom
pattern
recognition

Core Crate
45°+10° in @
8 n-¢ towers

2 PU/tower

100 kHz
Event
Rate

—=HLT
FProcessing

46




System Architecture

100 kHz
Event
Rate

« Format for

parallelization . Custom

pattern
recognition

DO C;‘%ri"iri’te DO - Simplified

2 PU/tower track
TF eooe | IF fitting
HW HW
—=HLT

FProcessing
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System Architecture

« Format for

parallelization . Custom
pattern

recognition
Core Crate . .
DO oroinee |DO - Simplified
100 kH 2 PU/tower track
Event ’ TF eeoe |IF fitting
Rate HW HW

- Available

to trigger

—SHLT system in
FProcessing 0(100us)
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System Architecture

B-E

H FLIC: FTK-to-Level-2 Interface naﬁm _
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System Architecture

« Format for

parallelization
1 Board-board FTK pi
Connector AMBoard
< L
- fibers | g [ = @
9 | g > o
—_— Q| @ w 2> 3
\ [ = =
s AMBoard =+
] o 2
>300 E H a I B
ROLs | @ s M2 og|l|Z ¢ 32
= 2 o|F| = .
R < @ eboards
- 7 35 =)
=
s 5 ¢ 128 PUs = 512 2
W = . . . o
s ] 2 e pipelines —> o
l o ’ N\ > 2
b o
IS IS ‘ >z
o ; % =
S| @ w

AUX CARD

pelines

[ 91e1) IJBpBIU| Z-|2A37-03-3 14 D114 ]

L L 3 1 3 ) SOH

SOdY
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System Architecture

- Format for
parallelization
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/
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System Architecture

« Format for

parallelization
[ 1 Board-board FTK plpEllnes
Connector AMBoard
—> fibers & —
o8z —— 2 m
— | 7| § —> 3 >0 )
P 2 T 7
i AMBoard J—) T = z
o iy 2 2
>300 | £ ( 4 o o
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System Architecture

- Format .for . - Available to
parallelization trigger
] Board-board FTK pipennes SyStem in
Connector AMBoard O( 1 OO )
—> fibers O HS
by | & & 1
g| 2| > 5 p
— Q| 7| 3 - 3 >| 0 )
Y % - 7 =
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o = g ?
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bata
£

Stage 1: Clustering e
Finding ﬁ

e Receive data from silicon detectors

 Cluster pixel hits using sliding window algorithm in FPGA

~ Clusters

Sliding window
Data Buftfer 48




The Clustering Implementation

The current implementation is an evolution of a linear
algorithm with a high cost in terms of FPGA resources

In the previous algorithm grids of 168x4 or 328x8
pixels were used. For these grid sizes the extrapolated

area and clock results (for the Spartan 6-LX150T) would
be:

Grid Size Slice Registers Slice LUTs Clock Frequency

21x8 (current) 696 (1%) 1950 (2%) 12ns 83Mhz
168x4 2784 (1.5%) 7800 (8.2%) 68ns 14.8Mhz

328x8 10510 (5.7%) 30457 (33%) 265ns 3.8Mhz

FEK-="GIVOIpi = TWERPP =2 SN 2 s 49



Stage 1: Data Formatting

« Implemented in ATCA crates with full mesh backplane
« 32 DF boards in 4 crates

« Each DF connects to 2 towers
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el 0
88883%%38 ezggif

< o o o < o
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Stage 1: Data Formatting

p

Cluster

« Implemented in ATCA crates with full mesh backplane

« 32 DF boards in 4 crates

« Each DF connects to 2 towers
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Stage 1: Data Formatting

Cluster

« Implemented in ATCA crates with full mesh backplane
« 32 DF boards in 4 crates

« Each DF connects to 2 towers

ATCA Shelf 0 ATCA Shelf 1 ATCA Shelf 2 ATCA Shelf 3

- - - - : - - - . - Optic fibers
¢12 . : . . driven by RTM

................

......................

....................................

RO JOOE SR S

¢ 00 LLGLEL UL L G LT L] il L L 11 0
g &5 88 8 3 8 8 8 8§ € = 9 @ + w0 ATCA Fabric
s © T o S s o ¥ o o © o o e o backplane
mput
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Data Formatter Prototype
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Data Formatter Prototype
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AM technological evolution

([l

. (90’s) Full custom VLSI chip - 0.7um (INFN-Pisa)

. 128 patterns, 6x12bit words each, 30MHz
F. Morsani et al., IEEE Trans. on Nucl. Sci., vol. 39 (1992)

Alternative FPGA implementation of SVT AM chip
P. Giannetti et al., Nucl. Intsr. and Meth., vol. A413/2-3, (1998)
G Magazzu, 1st std cell project presented @ LHCC (1999)

Standard Cell 0.18 um — 5000 pattern/AM chip

SVT upgrade total: 6M pattern, 40MHz
A. Annovi et al., IEEE TNS, Vol 53, Issue 4, Part 2, 2006

AMchip04 —65nm technology, std cell & full custom, 100MHZz

Power/pattern/MHz ~30 times less. Pattern density x12.
First variable resolution implementation!

FTK R&D ||f ¢

F. Alberti et al 2013 JINST 8 C01040, doi:10.1088/1748-0221/8/01/C01040

A. Annovi - September 24th, 2013 14th ICATPP Conference
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Pattern Recognition Associative Memory

Patterns

=il & il
—irirt ki
=il & il

SoID

SS Busses by layer

93




Pattern Recognition Associative Memory

- Allows hits arriving at different times (but same event) to be compared!

animation by Fermilab engineer Jim Hoff 54




Pattern Recognition Associative Memory

- Allows hits arriving at different times (but same event) to be compared!

animation by Fermilab engineer Jim Hoff 54




Refinements

« Majority Logic: Only require N out of M layers have a match
- Gains efficiency
- Variable Resolution Patterns (Don’t Care Bits)

- Reduces the number of patterns and fake matches

No variable resolution: 1 bit variable resolution: 3 bit variable resolution:
3 patterns needed 1 pattern needed 1 pattern with 1/16th volume
N p | N p |

||

| AN | /] N\

/I \\ AN //7\\ AN

___+ Number of don’t care bits set on a layer by layer, pattern by pattern basis
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Refinements

« Majority Logic: Only require N out of M layers have a match
- Gains efficiency
- Variable Resolution Patterns (Don’t Care Bits)

- Reduces the number of patterns and fake matches

No variable resolution: 1 bit variable resolution: 3 bit variable resolution:

3 patterns needed 1 pattern needed 1 pattern with 1/16th volume
p | N p |
| ]] 2\ | |
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AMChips

64 patterns

x 8 layers « AM Chips: 64 nm custom associative

memory chips

- 8 Layer (3 Pix + 4 axial SCT + 1
stereo SCT) patterns

Control logic

e 3-6 bits for variable resolution
patterns

e Functionality demonstrated in small
area chips (AMChip04)

Majority logic and readout logic

2x128 blocks: 64 half patterns each

F. Alberti et al 2013 JINST 8 C01040, doi:10.1088/1748-0221/8/01/C01040 56
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https://indico.cern.ch/contributionDisplay.py?contribId=50&confId=228972
https://indico.cern.ch/contributionDisplay.py?contribId=50&confId=228972

AM working pr1nc1ple

pattern Bus_Layer<0> Bus_Layer<1l= Bus Layer<2> Bus_Layer<7T=>

5 pattern 0 |ayer U—ﬂ layer l—-? layer 2-—? |ayer 7
8 e e N 1 {1 11| N S |10 O A {1 |

-—qi
T[IIILF\I]] pattern 1L m :
a, @, s > (EAE
One flip-flop o |5 | C
per layer stores # # # —————— ﬂl 9. 8
the match é o
results | e iy =
o e S
A A A A
HIT HIT HIT HIT

A. Annovi - September 24th, 2013 14th ICATPP Conference 58



AM working prmc1ple

pattern Bus_Layer<0= Bus_Layer<1= Bus_Layer<2=> Bus_Layer<7=

b pattern 0 |ayar U—ﬂ layer l—-? layer 2——? |ayer 7
S A | 1 {0 | OO S L0 0

H;:\ S Jamns Ra— |

One flip-flop St 2
per layer stores ﬂ # #
the match

results et L L

P g il i N

8 8 -a -8

MAJORITY

READOUT TREE

Flexible input: W S— - -

oosition, time, | W 00T
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Pattern matching is completed as soon as all hits are loaded.
Data arriving at different times is compared in parallel with all patterns.
Unique to AM chip: look for correlation of data received at different times.
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Processing Unit

 AMB-FTK
Tracksfitting
(fi?tstage)

. .

[k ERNI high
speed
connector
(data I/0)

Pa&mn‘matchi g

« AMChips found in Processing Unit:
« AMboard + AUX Card
« Each AMBoard is composed of 4 LAMBs with AM chips
- Each LAMB-FTK will contain 16 AMChips, ~10° patterns/LAMB
=g * AM Board + AUX communicate through P3 Connector
« Successfully tested 2GBps transfer
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AUX

oA

N

« 9U VME Rear Transition Card

« 280mm deep!
« I/Os:

- Fibers: to DF, SSB
- 2 x OSFP (8 x RxTx @ 6Gbps)
« 1 xSFP (1 x RxTx @ 2Gbps)

« P3 Connector: Data to AMB
e 12 x Out @ 2Gbps
16 xIn @ 2Gbps

« P2 Connector: VME control,
power

K—

., » Processing power: 6 Arria V

FTK AUX Card Block Diagram
- MB-Rev. A - 3/5/2013

FPGAs
- 20 Mb RAM, ~1000 DSPs each
]<~—>
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FLIC

FTK to Level 2

« FTK to Level 2 Interface Crate connects FTK to HLT
« Formats data for HLT

e Also does monitoring and control

e Uses dual-star ATCA crate

- Will allow for local trigger processing (primary vertex finding, beamspot, MET,
etc.) in the future

[ sep & m || S SFP
U] EEesER
[ sFp - | —p— | Sk~ SFP
N Control | ™ 1

e """ .- : gg Output Card
~ " (Tggen| N ["SFP
I : Stk e SFP
=P - TH| e 2

cad [E |5 <
[ sFP - .. o Bkl sFP
INPUT CH 3 S 2o e

[ sFP & . Sumk > SFP




Timing Simulation

« Detailed timing studies based on per-word processing times for entire system

« 100 microsecond latency achievable at 70 interactions per crossing!
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-EndWord . -End\m;rd
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Summary of Prototype tests

« AMChips: Custom cells tested and works well!

e Processing Unit:

- High speed communication between AUX and
AMB successful

e On board HS communication for AUX successful

« Cooling tests for AMB underway to determine
crate configuration

 Clustering Mezzanine:
- Data transfer (SCT) tested in with collision data

e Connection to DF through SMD connector tested

- Data Formatter:

« Onboard and backplane data transfer tested to
10Gbps
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http://dx.doi.org/10.1088/1748-0221/7/08/C08007

\ Second Stage Fit (4 brds) \

Stage 3: 12-layer Irack Fitting

- Use constants precomputed from
linearized constraints to guess hit

coordinates
R
11
x’—ZH-w-—I— 1 =1 N o
i 17V g gist — Ly ..oy INy Stl"ip5<
7=1
e Find matching hits \
- Refit to find best y?and track .
Pixel {
parameters
Layer

- Good tracks, with parameters, hits and
errors are sent to final crate for IBL
formatting for the ATLAS trigger system
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